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SUMMARY 

An invest igat ion has been conducted i n  the Langley Unitary Plan wind 
1 
9 tunnel t o  determine the s t a t i c  aerodynamic c h a r a c t e r i s t i c s  of a - - s c a l e  

model of a possible  reentry capsule. Tests were performed both with and 
without an escape system attached t o  the e x i t  face; two spherical-segment 
reentry faces (faces I and 11) were a l so  included as p a r t  of the i n v e s t i -  
gat ion.  Tests were performed a t  angles of a t tack  from -4' t o  1 8 4 O  and a t  
Mach numbers from 2.29 t o  4.65. 
about 2.3 x 10 6 t o  3.0 x 10 6 . The Reynolds numbers per f o o t  var ied from 

The r e s u l t s  show t h a t  the escape configuration t r i m s  with p o s i t i v e  
s t a b i l i t y  a t  an angle of a t tack  near 1800 ( e x i t  face forward) f o r  a l l  
t e s t  Mach numbers. The capsule with face I and the capsule with face  I1 
both t r i m  with pos i t ive  s t a b i l i t y  near an angle of a t t a c k  of Oo ( reentry 
face forward).  
a r e  neut ra l ly  s t a b l e  near an angle of attack of 180°. T h i s  condition i s  
undesirable and proper precautions should be taken t o  ensure a satisfac- 
tory margin of i n s t a b i l i t y  f o r  the configurations i n  t h i s  a t t i t u d e .  

A t  Mach numbers of 4.65 and 3.94, however, the capsules 

INTRODUCTION 

The development of a v e h i ~ l e ~ w h i c h  may safe ly  e x i t  from and reenter  
the e a r t h ' s  atmosphere has been of increasing i n t e r e s t  s ince the advent 
of unmanned s a t e l l i t e s .  
several  f a c i l i t i e s  through a Mach number range from subsonic t o  hypersonic 
speeds and a t  various Reynolds numbers. 
i n  r e f .  1.) 
f o r  safe reent ry  i n t o  the e a r t h ' s  atmosphere. 
a new shape w a s  designed. 
system which w a s  added t o  the e x i t  face.  The function of t h i s  escape 
system i s  t o  separate the vehicle from the booster rocket i n  case t h e  
booster malfunctions before or  during the e x i t  phase of f l i g h t .  

Tes ts  have been made on two nonl i f t ing  shapes a t  

(One of these tests i s  described 
These two shapes were designed t o  employ the  heat-sink concept 

A s  a result of these tests, 
Incorporated i n  t h i s  design i s  an escape rocket  

Once the 
~ ~~~ 
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vehicle has s a f e l y  ex i ted  from the atmosphere, the escape system would 
then be je t t i soned .  Two s t a b i l i t y  requirements f o r  the vehicle a re :  
(1) When the escape system i s  attached the vehicle must t r i m  with posi- 
t i v e  s t a b i l i t y  only when the escape system is forward, and ( 2 )  when the 
escape system i s  je t t i soned  the vehicle must t r i m  with pos i t ive  s t a b i l i t y  
only when the reentry face i s  forward. 

Since the modifications t o  the model t e s t e d  i n  reference 1 were 
r a t h e r  extensive,  it w a s  f e l t  t h a t  wind-tunnel tests on the revised 
model were necessary i n  order t o  determine i f  the s t a b i l i t y  requirements 
were s a t i s f i e d .  The National Aeronautics and Space Administration has 
i n i t i a t e d  a program t o  determine the s t a b i l i t y  charac te r i s t ics  of the 
revised vehicle during both the e x i t  and reentry phases of f l i g h t .  A s  a 
p a r t  of t h i s  program, t e s t s  have been conducted a t  the Langley Unitary 
Plan wind tunnel on the capsule with and without the escape system a t  
Mach numbers from 2.29 t o  4.65 and a t  Reynolds numbers per f o o t  from 
approximately 2.3 X lo6 t o  3.0 x lo6. 
a t tack  range from - 4 O  t o  1 8 4 O .  

Tests extended over an angle-of- 

SYMBOLS 

The aerodynamic force and moment data are re fer red  t o  the body axes 
system with the o r i g i n  a t  the center of grav i ty  ( f i g .  1). 
used are defined as follows : 

The symbols 

C A axial-force coef f ic ien t ,  force 
qs 

axial-force coef f ic ien t  a t  a 0' CA,a*O 

'A, c 

CN 

chamber axial-force coeffic ' ient,  Chamber force 
qs 

Pitching moment pitching-moment coef f ic ien t ,  
qSd 

slope of pitching-moment coef f ic ien t  a t  a fr Oo, - per deg aa 
normal-force coef f ic ien t ,  Normal force 

qs 

slope of normal-force coef f ic ien t  a t  a = oO, - per deg c% aa 
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maximum body diameter, 10.640 i n .  

free-stream Mach number 

free-stream dynamic pressure, lb/sq f t  

Reynolds number per f o o t  

maximum cross-sectional area, sq f t  

stagnation temperature, OF 

angle of attack of model center l i n e  (a = 0' when reent ry  
face i s  forward, f i g .  2 ) ,  deg 

APPARATUS AND METHODS 

Tunnel 

Tests were conducted i n  the high Mach number t es t  sec t ion  of the 
Langley Unitary Plan wind tunnel which i s  a variable-pressure continuous- 
flow tunnel.  The nozzle leading t o  the tes t  sec t ion  i s  of the asymmetric 
sliding-block type which permits a continuous var ia t ion  i n  t e s t - s e c t i o n  
Mach number from approximately 2.3 t o  4.7. 

Models 

A l l  p e r t i n e n t  dimensions of the 1/9-scale model are shown i n  f i g -  
ure 2.  Photographs of the models a r e  presented i n  f igure 3. The models 
were constructsd of p l a s t i c ,  f i b e r  glass ,  and s t a i n l e s s  s teel  and were 
b u i l t  by the NASA. 

The model was t e s t e d  both w i t h  and without the  escape system 
attached. 
three braces t o  the e x i t  face of the capsule as shown i n  f i g u r e  2. 
d i f f e r e n t  spherical-segment reentry faces  were also tested. Henceforth, 
the models w i l l  be re fer red  t o  as the capsule w i t h  face I, the capsule 
with face 11, and the escape configuration (capsule w i t h  face I, rocket,  
and rocket braces) .  

The escape configuration incorporates a rocket mounted on 
Two 
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-c 

Angle-of -a t tack range, deg 

T t ~  OF Capsule Capsule Escape M R 

with face I with face I1 configuration 

150 t o  184 

I I 4.65 2.3 x lo6 175 

2.97 2.8 
3.94 295 

2.29 3.0 1-50 
130 1 -4 to  184 1 -4 t o  83 

Test Conditions 

Tests were performed a t  the following conditions:  

I n  order t o  obtain an angle-of-attack range from -bo t o  184', fou r  
separate  st ing-supported arrangements were required.  Photographs of 
these arrangements are presented i n  f igu re  3 (from -4' t o  8 3 O ~  the  
r een t ry  face  i s  forward and from 98' t o  184Oa the e x i t  face  i s  forward).  

The dewpoint, measured a t  s tagnat ion pressure,  w a s  maintained below 
-30° F f o r  a l l  tests i n  order t o  assure negl ig ib le  condensation e f f e c t s .  
A l l  tests were conducted with na tura l  boundary-layer t r ans i ton .  

Me as uremen t s 

Aerodynamic forces  and moments were measured by means of an e l e c t r i -  
c a l  strain-gage balance housed within the model. 
was r i g i d l y  fastened t o  a s t i n g  support system. Balance-chamber pressure 
w a s  measured with a s ingle  s t a t i c , o r i f i c e  located i n  the balance cavi ty .  
Schl ieren photographs were taken a t  various model a t t i t u d e s ,  Mach numbers, 
and Reynolds numbers. 

The balance, i n  tu rn ,  

Accuracy 

Based upon balance ca l ib ra t ion  and r epea tab i l i t y  of data, it i s  
estimated t h a t  the  various measured quan t i t i e s  a re  accurate within the  
following l i m i t s :  

CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +o.oa  
c * , c . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.OO1 
C m . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.005 
CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.020 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w.05 
a ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t o .  10 
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0 0  0 .0  0 0 0 0 0  0 0  0 0 .0  0 0 .0  0 0  
0 . 0  0 . 0  0 . 0  0 0 0  0 0  0 0  
0 . 0 0  0 0 0 .  0 0 0 . 0  0 . 0  0 0  
0 . 0  0 0 0 .0  0 0 . 0  0 .  0 0  
0 0  0 .0  0 0  0.0 0 0 0 0  0 0  0 0 0 0.0 0 0  
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Corrections 

Angles of a t t ack  have been corrected f o r  both tunnel flow angular i ty  
and def lec t ion  of balance and s t i n g  system due t o  aerodynamic loads.  
Measured pressure gradients  within the t es t  sec t ion  ind ica te  t h a t  buoy- 
ancy e f f e c t s  are negl ig ib le .  

The axial-force coef f ic ien ts  presented are gross  values.  Chamber 
axial force,  however, has been determined and i s  presented i n  f igu res  4(a)  
and 4 (b ) .  

DISCUSSION 

Pitching Moment 

The data presented i n  f igu re  5 show t h a t  the escape configuration 
t r i m s  wi th  pos i t i ve  s t a b i l i t y  a t  an angle of a t t ack  near 180° throughout 
the tes t  Mach number range and therefore  from a s t a t i c - s t a b i l i t y  stand- 
point ,  t h i s  configuration i s  acceptable.  An i n t e re s t ing  point  noted i n  
f igu re  5 i s  the break i n  the pitching-moment curve that occurs near an 
angle of a t t a c k  of 177' a t  Mach numbers of 2.97 and 2.29. This same 
phenomenon occurred a t  a comparable angle of a t t ack  f o r  t h i s  configura- 
t i o n  t e s t e d  i n  combination with a booster rocket (data  unpublished). 
The break i s  a t t r i b u t e d  t o  the flow pa t t e rn  created by the  escape system 
since t h i s  break did not occur when the rocket was removed. (See 
f i g .  6 ( a )  a t  a 1800.) 

The capsule with face  I and the  capsule with f ace  II both t r i m  w i t h  

Figure 6(a) a l s o  shows t h a t  a t  
pos i t ive  s t a b i l i t y  near an angle of a t t ack  of Oo a t  a l l  t es t  Mach numbers. 
as may be seen i n  f igures  6(a) and 6 ( b ) .  
Mach numbers of 4.65 and 3.94, the capsule with face  I i s  neu t r a l ly  stable 
near an angle of a t t ack  of 180'. 
occur f o r  the capsule with face 11. This condition i s  undesirable s ince 
the reent ry  face of the  vehicle must be forward f o r  safe reentry;  proper 
precautions should be taken t o  ensure a s a t i s f a c t o r y  margin of i n s t a b i l -  
i t y  a t  t h i s  a t t i t u d e .  From a s t a t i c - s t a b i l i t y  standpoint,  the r e s u l t s  
ind ica te  that i n  the Mach number range tes ted ,  the capsule with e i t h e r  
face I o r  face I1 can successful ly  be used as a reent ry  vehicle provided 
the aforementioned precautions a re  considered. 
show a d iscont inui ty  i n  the pitching-moment curves a t  angles of a t t a c k  
between about 300 and 4 7 O .  
w a r d  port ion of the model emerging from a low q region t o  a high q 
region thus producing increased pi tching moments a t  the higher angles of 
a t t ack .  
f i gu re  7. (See photographs f o r  a E 30' and a = 4 7 O . )  

It is  believed that the same t rend  w i l l  

Figures 6(a) and 6(b) 

This phenomenon may be a t t r i b u t e d  t o  the rear- 

Schl ieren photographs ind ica t ing  t h i s  phenomenon may be found i n  
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i s  e s s e n t i a l l y  the  spme f o r  the two c% The s t a b i l i t y  parameter 

reent ry  configurations throughout the  t e s t  Mach number range ( f i g .  8) 
and the increase i n  longi tudinal  s t a b i l i t y  with Mach number may be noted. 

i s  e s s e n t i a l l y  constant.  A t  Mach numbers above 4.0, c% 

Axial Force and Normal Force 

Throughout the  tes t  Mach number range, the axial-force coe f f i c i en t s  
of the capsule with face  I near an angle of a t t ack  of 0' are s l i g h t l y  
less than those of the capsule with face I1 ( f i g .  8 ) .  
CA ,a 
The normal-force slopes of the  capsule with face I a re  s l i g h t l y  g rea t e r  
than those of t he  capsule with face  I1 and the  slopes f o r  both configura- 
t ions  increase w i t h  an increase i n  Mach numbers up t o  about 4.0. A t  Mach 
numbers above 4.0, C N ~  i s  e s s e n t i a l l y  constant.  

For each model, 
0' i s  approximately constant throughout the  tes t  Mach number range. 

CONCLUSIONS 

A wind-tunnel inves t iga t ion  has been conducted t o  determine the  
s t a t i c  aerodynamic cha rac t e r i s t i c s  of a - - s c a l e  model of a possible  

reent ry  capsule.  
system at tached t o  the e x i t  face; two spherical-segment reent ry  faces  
( faces  I and 11) were included a s  p a r t  of t he  inves t iga t ion .  
results of these tests ind ica te  the  following conclusions: 

1 
9 

T e s t s  were performed both with and without an escape 

The 

1. The escape configuration t r i m s  wi th  pos i t ive  s t a b i l i t y  a t  an angle 
of a t t ack  near 180' f o r  a l l  t es t  Mach numbers. 

2. The capsule with face  I and the  capsule with face  I1 both t r i m  
with pos i t ive  s t a b i l i t y  near an angle of a t t ack  of O o .  
of 4.65 and 3.94, however, the  capsules are neu t r a l ly  stable near an angle 
of a t t ack  of 180~. 
cautions should be taken t o  ensure a s a t i s f a c t o r y  margin of i n s t a b i l i t y  
f o r  the  configurations i n  t h i s  a t t i t u d e .  

A t  Mach numbers 

This la t ter  condition i s  undesirable and proper pre- 

3 .  The e f f e c t  on the aerodynamic cha rac t e r i s t i c s  of changing the  
reent ry  face  from face  I t o  face I1 w a s  s l i g h t .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley F ie ld ,  Va . ,  August 17, 1959. 
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m 3 6 . 3 6  

R e e n t r y  Face, 

Reentry  Face A Ra* ius 
Face I 1.425 10 .640 
Face II 0.877 16 .750 

7.768-- -- 4 

I 

'f 

Figure 2.- Drawings and dimensions of models. 
inches unless otherwise noted. ) 

(All dimensions are i n  
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I 

a = 49O t o  83O 

(b)  Capsule with face  11. 

Figure 3 .  - Continued. 
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(a) Capsule with face I. 

Figure 4.- Chamber axial-force coefficients. 
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c A , c  

c A , c  

a , d e g  

(b)  Capsule with face  11. 

Figure 4.  - Concluded. 
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140 150 160 170 180 190 

a ,  d e g  

Figure 5.- Aerodynamic characteristics of escape configuration in pitch. 
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a , %  

(a) Capsule with face I. 

Figure 6.- Aerodynamic characteristics of capsule in pitch. 
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o.deg 

(b)  Capsule w i t h  f ace  11. 

Figure 6.- Concluded. 
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n = 0.70 a = 4 . 7 O  a = 10.5O 

a = 51.0° 0 = 55.10 a 61.1° 

0 = 74.70 a = 81.5O 

L-59-5063 
Figure 7.- Typical sch l ie ren  photographs of capsule with face 11. 

M = 3.94; R = 2.5 x i o  6 . 
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Figure 8.- Summary of stability and axial-force characteristics of 
capsule with face I and capsule with face 11. 
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